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(57) A super-elastic titanium alloy for medical use 
consisting essentially of: 

molybdenum (Mo) as a p stabilizer element of ti- 
tanium (Ti) : from 2 to 12 at%; an a stabilizer element of 
the titanium (Ti) : from 0.1 to 14 at%; and the balance 



being titanium (Ti) and inevitable impurities. The a sta- 
bilizer element is at least one element selected from the 
group consisting of aluminum (Al), gallium (Ga) and ger- 
manium (Ge). 
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Description 

Field of the Invention 

[0001 ] The present invention relates to a super-elastic 5 
71 alloy for medical uses. Particularly, the present inven- 
tion relates to a Ti-Mo-Ga alloy, a Ti-Mo-AI alloy and a 
Ti-Mo-Ge alloy which exhibit super elastic properties 
and which are useful for medical applications. 

Related art 

[0002] Recently, many attempts have been made to 
find medical applications of an alloy with a super elastic 
property. For example, a Ti-Ni alloy has properties of 
high strength, excellent abrasion resistance, good cor- 
rosion resistance, good biocompatibiiity and the like, 
and is used in a variety of fields as an alloy for medical 
uses. 

[0003] As an example, a Ti-Ni alloy wire used in an 
orthodontic appliance has a super-elastic region where 
constant loading is maintained irrespective of changes 
in deformation of the wire. Since this wire can impart 
necessary forces constantly even after teeth are moved 
by teeth-straightening it is usable as an orthodontic wire. 
In addition, such a alloy is also usable in implants for 
plastic surgery with the full use of its excellent recover- 
ability, and usable for medical catheters, guide wires or 
the like with the full use of its reasonable formability and 
stiffness. 

[0004] Such a Ni-Ti alloy is described in the Japanese 
Provisional Patent Publication No. 5-295498, which 
consists of from 49.5 to 51 .5% Ni, 1 .8% or less Cr and 
the balance Ti. This alloy is made by casting, hot working 
and then, repeating annealing and cold working. 
[0005] In these days, concerns are rising over bio- 
medical materials having a Ni metal which, suspected 
of causing allergic symptom, may be leached out within 
the living body. Since a Ni-Tl alloy contains Ni as a prin- 
cipal element, the Ni-Ti alloy may cause anxiety about 
allergy, and therefore, demands for safer alloys usable 
in medical applications are growing. 
[0006] In other words, demands are growing for alloys 
which contain no element such as Ni that may cause an 
allergic problem to the living body but have good bio- 
compatibility. 

Summary of the Invention 

[0007] It is an object of the present invention to pro- 
vide a Ni-free alloy which is useful for medical applica- 
tions, or a titanium alloy which has improved biocom- 
patibiiity as well as super-elastic properties. 
[0008] A first embodiment of the super-elastic titani- 
um alloy for medical uses of the present invention is a 
super-elastic titanium alloy for medical use consisting 
essentially of: 



molybdenum (Mo) as a p stabilizer element of tita- 
nium (Ti) 

: from 2 to 12at%; 
an a stabilizer element of the titanium (Ti) 

: from 0.1 to 14 at%; and 

the balance being titanium (Ti) and inevitable im- 
purities. 

[0009] A second embodiment of the super-elastic ti- 
tanium alloy for medical uses of the present invention is 
a super-elastic titanium alloy in which said a stabilizer 
element is at least one element selected from the group 
consisting of aluminum (Al), gallium (Ga) and germani- 
um (Ge). 

[001 0] A third embodiment of the super-elastic titani- 
um alloy for medical uses of the present invention is a 
super-elastic titanium alloy in which said a stabilizer el- 
ement is from 0.1 to 14 at% gallium (Ga). 
[001 1] A fourth embodiment of the super-elastic tita- 
nium alloy for medical uses of the present invention is 
a super-elastic titanium alloy in which said a stabilizer 
element is from 3 to 14 at% aluminum (Al). 
[0012] A fifth embodiment of the super-elastic titani- 
um alloy for medical uses of the present invention is a 
super-elastic titanium alloy in which said a stabilizer el- 
ement is from 0.1 to 8 at% germanium (Ge). 
[001 3] A sixth embodiment of the super-elastic titani- 
um alloy for medical uses of the present invention is a 
super-elastic titanium alloy in which said a stabilizer el- 
ement is from 3 to 9 at% aluminum (Al) and a content 
of said molybdenum (Mo) is from 4 to 7 at%. 
[001 4] A seventh embodiment of the super-elastic ti- 
tanium alloy for medical uses of the present invention is 
a super-elastic titanium alloy as claimed in claim 2, 
wherein said a stabilizer element is from 1 to 4 at % gal- 
lium (Ga) and a content of said molybdenum (Mo) is 
from 4 to 7 at%. 

[0015] An eighth embodiment of the super-elastic ti- 
tanium alloy for medical uses of the present invention is 
a super-elastic titanium alloy in which said a stabilizer 
element is from 1 to 4 at% germanium (Ge) and a con- 
tent of said molybdenum (Mo) is from 4 to 7 at%. 
[0016] A ninth embodiment of the super-elastic titani- 
um alloy for medical uses of the present invention is a 
super-elastic titanium alloy in which said super-elastic 
titanium alloy is a p solid solution titanium alloy having 
an orthorhombic crystalline structure. 
[0017] A first embodiment of a method for making a 
super-elastic titanium alloy for medical use of the 
present invention is a method for making a super-elastic 
titanium alloy for medical use comprising the steps of: 

preparing a titanium alloy ingot which consists es- 
sentially of: 

molybdenum (Mo) as a p stabilizer element of 
titanium (Ti) 

:from2to 12at% ; 
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as an a stabilizer element of the titanium (Ti), 
at least one element selected from the group 
consisting of aluminum (Al), gallium (Ga) and 
germanium (Ge) : 

from 0.1 to 14 at%; and 

the balance being titanium (Ti) and inevitable 
impurities, 

subjecting the ingot to a homogenized heat treat- 
ment in a vacuum environment or an inert gas en- 
vironment at a temperature ranging from 1 ,000 de- 
gree to 1 ,200 degree, and cooling the ingot quickly 
to a room temperature; 

after cooling the ingot to the room temperature, cold 
working the ingot to prepare a sheet; and 
subjecting the sheet to a solution heat treatment in 
the vacuum environment or the inert gas environ- 
ment at a temperature ranging from 600 degree to 
1 ,100 degree. 

[0018] A second embodiment of the method for mak- 
ing a super-elastic titanium alloy for medical use of the 
present invention is a method in which the a stabilizer 
element of the titanium alloy ingot is from 0.1 to 1 4 at% 
gallium (Ga). 

[0019] A third embodiment of the method for making 
a super-elastic titanium alloy for medical use of the 
present invention is a method in which the a stabilizer 
element of the titanium alloy ingot is from 3 to 14 at% 
aluminum (Al). 

[0020] A fourth embodiment of the method for making 
a super-elastic titanium alloy for medical use of the 
present invention is a method in which the a stabilizer 
element of the titanium alloy ingot is from 0.1 to 8 at% 
germanium (Ge). 

[0021 ] A fifth embodiment of the method for making a 
super-elastic titanium alloy for medical use of the 
present invention is a method in which a content of the 
molybdenum (Mo) is from 4 to 7 at% and the a stabilizer 
element of the titanium alloy ingot is from 3 to 9 at% 
aluminum (Al). 

[0022] A sixth embodiment of the method for making 
a super-elastic titanium alloy for medical use of the 
present invention is a method in which a content of the 
molybdenum (Mo) is from 4 to 7 at% and the a stabilizer 
element of the titanium alloy ingot is from 1 to 4 at% 
gallium (Ga). 

[0023] A seventh embodiment of the method for mak- 
ing a super-elastic titanium alloy for medical use of the 
present invention is a method in which a content of the 
molybdenum (Mo) is from 4 to 7 at% and the a stabilizer 
element of the titanium alloy ingot is from 1 to 4 at% 
germanium (Ge). 

[0024] An eighth embodiment of the method for mak- 
ing a super-elastic titanium alloy for medical use of the 
present invention is a method in which a time of the ho- 
mogenized heat treatment ranges from 10 to 48 hours. 
[0025] A ninth embodiment of the method for making 



a super-elastic titanium alloy for medical use of the 
present invention is a method in which a time of the so- 
lution heat treatment ranges from 1 minute to 10 hours. 



[0026] 

Fig. 1 is a view for explaining how to measure a 
bend angle; 

Fig. 2 is a table which provides a listing of compo- 
sitions of a Ti-Mo-Ga alloy and their evaluations; 
Fig. 3 is a table which provides a listing of compo- 
sitions of a Ti-Mo-AI alloy and their evaluations; and 
Fig. 4 is a table which provides a listing of compo- 
sitions of a Ti-Mo-Ge alloy and their evaluations. 

Detailed Description of the Invention 

[0027] Embodiments of the present invention will be 
described in detail below. An alloy of the present inven- 
tion is a titanium alloy which, in order to realize thermo- 
elastic martensite transformation, contains alloying ele- 
ments of: molybdenum (Mo) which is a p stabilizer ele- 
ment for lowering a martensite transformation tempera- 
ture; and at least one selected from the group consisting 
of gallium (Ga), aluminum (Al) and germanium (Ge) 
which are a stabilizer elements, or more specifically, a 
super-elastic titanium alloy for medical uses to be sub- 
stituted for a Tl-Ni alloy. 

[0028] Here, a p stabilizer element of the present in- 
vention is not limited to Mo, but may be any p stabilizer 
element that can lower a martensite transformation tem- 
perature. For example, elements such as niobium (Nb), 
Fe and the like can be replaced for Mo to obtain a super- 
elastic titanium alloy. Besides, an a stabilizer element is 
not limited to Ga, Al or Ge but may be tin (Sn), oxygen 
(O) or the like to obtain a super-elastic titanium alloy. 
[0029] Conventional Ni-Ti alloys are shape memory 
alloys having "shape memory effects" such that when 
an alloy having a certain shape is transformed to a dif- 
ferent shape from the original shape at a lower temper- 
ature, and then heated above a temperature for stabi- 
lizing a high temperature phase (parent phase, here), 
the reverse transformation (phase transformation asso- 
ciated with heating and unloading) occurs and thereby, 
the alloy recovers the original shape. 
[0030] All alloys that undergo martensite transforma- 
tion do not exhibit shape memory effects. Alloys that un- 
dergo thermo-elastic martensite transformation (i.e., Ni- 
Ti alloys are included) recover their original shapes up- 
on heating as far as the deformation appears within cer- 
tain limits. Alloys according to the present invention are 
titanium alloys having such a property, or more specifi- 
cally, titanium alloys to which Mo is added, and Ga, Al 
or Ge is further added thereto. 

[0031 ] As one embodiment of the present invention a 
Ti-Mo-Ga alloy is now described. When Mo as an p sta- 
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bilizer element is added to 71, a temperature of a phase/ 
P phase transformation is shifted toward a lower tem- 
perature side, which allows to obtain an alloy with a sta- 
ble p phase structure even at room temperature. This is 
because rapid cooling from a p phase temperature 
causes the p phase to be remained, and for the case of 
a homogeneous solid-solution type binary Mo-Ti alloy, 
Mo content is said to be about 20 at% at the minimum. 
For the case of an alloy with Mo content about 20 at% 
or less, there occurs martensite transformation even if 
the alloy is rapidly cooled, thus it cannot be said that the 
B phase is completely remained. 

[0032] Such a martensite has two types of a phase, 
that is, a* phase and a" phase, of which crystalline struc- 
tures are hexagonal and orthorhombic, respectively. In 
order for an alloy to exhibit super-elastic effects, the 
martensite transformation has to be thermo-elastic mar- 
tensite transformation. Between these two martensitic 
a phases , the a" phase is known as one capable of being 
thermo-elastic martensite transformation. 
[0033] When Ga is added to Ti, it is said that Ga func- 
tions as an a stabilizer element, extending a phase re- 
gion so as to improve the strength at room temperature. 
Then, development work has been advanced on super- 
elastic p phase type solid solution titanium alloys having 
the composition of Ti to which Mo as a p stabilizer ele- 
ment for lowering martensite transformation tempera- 
ture and Ga as a a stabilizer element are added, which 
undergoes thermo-elastic martensite transformation 
upon rapid cooling. As a result, the super-elastic p 
phase type solid solution titanium alloys with the com- 
position mentioned below has been developed. 
[0034] In the present invention, Mo content Is limited 
within the range of from 2 to 1 2 at%. This is because the 
super elastic performance is deteriorated when Mo con- 
tent is below 2 at% or over 1 2 at%. In other words, there 
occurs plastic deformation within a deformed alloy, 
which makes it difficult for the alloy to recover its original 
shape. Preferable Mo content is within the range of from 
4 to 7 at%. More preferably, Mo content is within the 
range of from 5 to 6 at%. 

[0035] Ga content as an a stabilizer element is limited 
within the range of from 0.1 to 14 at%. This is because 
super elastic performance is deteriorated when Ga con- 
tent is below 0.1 at% or over 14 at%. In other words, 
there occurs plastic deformation within a deformed alloy, 
which makes it difficult for the alloy to recover its original 
shape. Preferable Ga content is within the range of from 
1 to 4 at%. More preferably, Ga content is within the 
range of from 3 to 4 at%. 

[0036] Accordingly, a Ti alloy containing Mo from 2 to 
12 at% and Gafrom 1 to 14 at% becomes a super-elas- 
tic p phase type solid solution titanium alloy. Therefore, 
a crystalline structure of the rapidly cooled titanium alloy 
becomes orthorhombic with excellent transformation 
behavior, which facilitates hot working and cold working, 
thereby reducing working cost as compared with Ni-Ti 
alloys. A method for manufacturing a Ti-Mo-Ga alloy is 



described below as one example, however, this is not 
for limiting the scope of the present invention. 
[0037] First, metals as given alloying components are 
melted in a consumable electrode arc melting furnace 

5 and cast into required shapes to prepare ingots. Then, 
in order to remove segregation, thus prepared ingots are 
subjected to homogenized heat treatment under the fol- 
lowing conditions. Heat treatment environments are 
preferably vacuum or inert gas environments. Heat 

10 treatment temperatures preferably ranges from 1 ,000 
degree to 1 ,200 degree. Regarding heat treatment time, 
retention time is set within the range of from 10 to 48 
hours. After being homogenized heat treated, the ingots 
were rapidly cooled down to a room temperature with 

15 the use of oil or water. 

[0038] The above-mentioned conditions for homoge- 
nized heat treatment are selected for the following rea- 
sons. The vacuum and inert gas environments are se- 
lected for preventing Ti from reacting to oxygen so as to 

20 avoid embritllementof Ti. Inaddition, homogenized heat 
treatment performed below 1 ,000 degree may cause in- 
sufficient homogenization, while homogenized heat 
treatment performed over 1 ,200 degree may cause par- 
tial melting due to the too high temperature, reducing 

25 economic efficiency. When the retention time of less 
than 10 hours may cause insufficient homogenization 
while the retention time of more than 48 hours may re- 
duce economic efficiency. 

[0039] Then, the heat treated and rapidly cooled in- 
30 gots are cold worked to prepare thin sheets. For the pur- 
pose of solid solution heat treatment of alloying ele- 
ments, the thin sheets are subjected to solution heat 
treatment under the following conditions. Heat treat- 
ment environments are preferably vacuum or inert gas 
35 environments. Heat treatment temperatures preferably 
ranges from 600 degree to 1 ,200 degree. Regarding 
heat treatment time, retention time is set within the 
range of from 1 minute to 10 hours. 
[0040] The above-mentioned conditions for solution 
40 heat treatment are selected for the following reasons. 
The vacuum and inert gas environments are selected 
for preventing Ti from reacting to oxygen so as to avoid 
embrittlement of Ti. In addition, heat treatment temper- 
atures performed below 600 degree may cause insuffi- 
45 cient heat treatment while temperatures over 1200 de-. 
gree may reduce economic efficiency. When the reten- 
tion time of less than 1 minute may cause insufficient 
heat treatment while the retention time of more than 1 0 
hours may reduce economic efficiency. Then, appropri- 
ate ate working or heat treatment are performed to obtain 
super-elastic titanium alloy with a phase finely precipi- 
tated. 

[0041] As another embodiment of the present inven- 
tion a Ti-Mo-AI alloy is now described. Effects of Mo add- 
55 ed to TI are the same as described in the above embod- 
iment. 

[0042] When Al is added to Ti, Al functions as an a 
stabilizer element, extending a phase region so as to 
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improve the strength at room temperature. Then, devel- 
opment work has been advanced on super-elastic p sol- 
id solution titanium alloys having the composition of Ti 
to which Mo as a p stabilizer element for lowering mar- 
tensite transformation temperature and Al as a a stabi- s 
lizer element are added, which undergoes thermo-elas- 
tic martensite transformation upon rapid cooling. As a 
result, the super-elastic p solid solution titanium alloys 
with the composition mentioned below has been devel- 
oped. 

[0043] Mo content as a p stabilizer element is limited 
within the range of from 2 to 12 at%. This is because the 
super elastic performance is deteriorated when Mo con- 
tent is below 2 at% or over 1 2 at%. In other words, there 
occurs plastic deformation within a deformed alloy, 
which makes it difficult for the alloy to recover its original 
shape. As described above, preferable Mo content is 
within the range of from 4 to 7 at%. More preferably, Mo 
content is within the range of from 5 to 6 at%. 
[0044] Al content as an a stabilizer element is limited 
within the range of from 3 to 1 4 at%. This is because the 
super elastic performance is deteriorated when Al con- 
tent is below 3 at% or over 1 4 at%. In other words, there 
occurs plastic deformation within a deformed alloy, 
which makes it difficult for the alloy to recover its original 
shape. Preferable Al content is within the range of from 
3 to 9 at%. More preferably, Al content is within the range 
of from 7 to 9 at%. 

[0045] Accordingly, a Ti alloy containing Mo from 2 to 

1 2 at% and Al from 3 to 1 4 at% becomes a super-elastic 

13 solid solution titanium alloy. Therefore, a crystalline 
structure of the rapidly cooled titanium alloy becomes 
orthorhombic with excellent transformation behavior, 
which facilitates hot working and cold working, thereby 
reducing working cost as compared with Ni-Ti alloys. 
[0046] Such a Ti-Mo-AI alloy can be manufactured in 
the same method as that for the aforementioned Ti-Mo- 
Ga alloy, though the present invention is not limited to 
this method. In the other words, metals as given alloying 
components are melted in a consumable electrode arc 
melting furnace, and cast into required shapes to pre- 
pare ingots. Then, in order to remove segregation; thus 
prepared ingots are subjected to homogenized heat 
treatment under the conditions that heat treatment en- 
vironments are preferably vacuum or inert gas environ- 
ments, heat treatment temperatures preferably range 
from 1,000 degree to 1,200 degree and the retention 
time was set within the range of from 10 to 48 hours. 
After being homogenized heat treated, the ingots are 
rapidly cooled down to a room temperature with the use 
of oil or water. 

[0047] The ingots are cold worked to prepare thin 
sheets. For the purpose of solution heat treatment of al- 
loying elements, the thin sheets are subjected to solu- 
tion heat treatment under the following conditions that 55 
heat treatment environments are preferably vacuum or 
inert gas environments, heat treatment temperatures 
preferably ranges from 600 degree to 1 , 1 00 degree and 



retention time is set within the range of from 1 minute to 
1 0 hours to obtain a super-elastic titanium alloy with a 
phase finely precipitated. 

[0048] As yet another embodiment of the present in- 
vention aTi-Mo-Ge alloy is now described. Effects of Mo 
added to Ti are the same as described in the above em- 
bodiments. 

[0049] When Ge is added to Ti, Al functions as an a 
stabilizer element, extending a phase region so as to 
improve the strength at room temperature. Then, devel- 
opment work has been advanced on super-elastic p sol- 
id solution titanium alloys having the composition of Ti 
to which Mo as a p stabilizer element for lowering mar- 
tensite transformation temperature and Ge as an a sta- 
bilizer element are added, which undergoes thermo- 
elastic martensite transformation upon rapid cooling. As 
a result, the super-elastic p solid solution titanium alloys 
with the composition mentioned below has been devel- 
oped. 

[0050] Mo content as a p stabilizer element is limited 
within the range of from 2 to 1 2 at%. This is because the 
super elastic performance is deteriorated when Mo con- 
tent is below 2 at% orover 12 at%. In other words, there 
occurs plastic deformation within a deformed alloy, 
which makes it difficult for the alloy to recover its original 
shape. As described above, preferable Mo content is 
within the range of from 4 to 7 at%. More preferably, Mo 
content is within the range of from 5 to 6 at%. 
[0051 ] Ge content as an a stabilizer element is limited 
within the range of from 0.1 to 8 at%. This is because 
the super elastic performance is deteriorated when Ge 
content is below 0.1 at% or over 8 at%. In other words, 
there occurs plastic deformation within a deformed alloy, 
which makes it difficult for the alloy to recover its original 
shape. Preferable Ge content is within the range of from 
1 to 4 at%. More preferably, Ge content is within the 
range of from 2 to 4 at%. 

[0052] Accordingly, a Ti alloy containing Mo from 2 to 
1 2 at% and Ge from 1 to 8 at% becomes a super-elastic 
P solid solution titanium alloy. Therefore, a crystalline 
structure of the rapidly cooled titanium alloy becomes 
orthorhombic with excellent transformation behavior, 
which facilitates hot working and cold working, thereby 
reducing working cost as compared with Ni-Ti alloys. 
[0053] Such a Tl-Mo-Ge alloy can be manufactured in 
the same method as that for the aforementioned Ti-Mo- 
AI alloy, though the present invention is not limited to 
this method. In the other words, metals as given allowing 
components are melted in a consumable electrode arc 
melting furnace, and cast into required shapes to pre- 
pare ingots. Then, in order to remove segregation, thus 
prepared ingots are subjected to homogenized heat 
treatment under the conditions that heat treatment en- 
vironments are preferably vacuum or inert gas environ- 
ments, heat treatment temperatures preferably range 
from 1 ,000 degree to 1 ,200 degree and the retention 
time is set within the range of from 1 0 to 48 hours. After 
being homogenized heat treated, the ingots are rapidly 
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cooled down to room temperature with the use of oil or 
water. 

[0054] The ingots are cold worked to prepare thin 
sheets. For the purpose of solution heat treatment of al- 
loying elements, the thin sheets are subjected to solu- 
tion heat treatment under the following conditions that 
heat treatment environments are preferably vacuum or 
inert gas environments, heat treatment temperatures 
p re f era bry range from 600 degree to 1 ,1 00 degree and 
retention time is set within the range of from 1 minute to 
10 hours to obtain a super-elastic titanium alloy with a 
phase finely precipitated. 

Examples 

(Example 1) 

[0055] Ti-Mo-Ga alloy ingots with the compositions 
shown in Table 1 of Fig. 2 were prepared by being melt- 
ed in a consumable electrode arc melting furnace and 
cast into required shapes. The ingots were subjected to 
homogenized heat treatment at a temperature of 1 ,1 00 
degree for 24 hours of retention time before the ingots 
were rapidly cooled down with the use of water. Then, 
the ingots were cold rolled to thickness with 95% reduc- 
tion and prepared to be sheet materials of 0.4 mm in 
thickness. Test sample of 1 mm in width and 20 mm in 
length were cut from the sheet materials. The test sam- 
ples were held at 1000 degree for one hour and then 
quenched into a water bath, which results in obtaining 
super-elastic titanium alloys. 

[0056] In order to evaluate shape memory effects of 
the test samples of the super-elastic titanium alloys, the 
test samples were held at 37 degree, for example by a 
method of holding them in a constant temperature 
chamber. The test samples were bent once to have a 
single turn around a stainless round bar of 10 mm in 
diameter, and held for 30 seconds while they were bent 
at 1 80-degree angle. Then, the test samples were taken 
off the stainless round bar. After that, bend angles of the 
resultant test samples which did not recover their origi- 
nal shapes due to plastic deformation were measured 
thereby to evaluate the shape memory effects. 
[0057] The procedure of measuring a bend angle is 
described with reference to Fig. 1 . When a test sample 
of a super-elastic titanium alloy 1 which was wound 
around a stainless round bar is plastically deformed 
without recovering its original shape, its deformation is 
expressed by an angle (?) 2 relative to the horizontal 
plane. 

[0058] Evaluation results of the shape memory effects 
are also shown in Table 1 . When the angle (?) is below 
5-degree angle, the alloy is thought to recover its original 
shape and exhibits the shape memory effects, which is 
denoted by a round mark "? " in the table. For the num- 
bers a-7-~a-12 in Table 1, since the compositions are 
outside of the scope of the present invention, super elas- 
tic performance is unfavorable and the original shapes 



are not recovered. On the other hand, for the numbers 
a- 1-~a-6 of the present invention, the original shapes 
are recovered. 

5 (Example 2) 

[0059] Ti-Mo-AI alloy ingots with the compositions 
shown in Table 2 of Fig. 3 were formed into sheet ma- 
terials of 0.4 mm in thickness in the same method as 

10 that in Example 1 . Test samples of the super-elastic ti- 
tanium alloys thus were prepared. Then, shape memory 
effects of the test samples of the super-elastic titanium 
alloys were evaluated in the same way as in Example 
1 . Evaluation results of the shape memory effects are 

15 also shown in Table 2. For the numbers b-7~b-1 2 in Ta- 
ble 2, since the compositions are outside of the scope 
of the present invention, super elastic performance is 
unfavorable and the original shapes are not recovered. 
On the other hand, for the numbers b-1 -b-6 of the 

20 present invention, the shapes are recovered. 

(Example 3) 

[0060] Ti-Mo-Ge alloy ingots with the compositions 

25 shown in Table 3 of Fig. 4 were formed into sheet ma- 
terials of 0.4 mm in thickness in the same method as 
that in Example 1 . The test samples of the super-elastic 
titanium alloys were thus prepared. Then, shape mem- 
ory effects of the test samples of the super-elastic tita- 

30 nium alloys were evaluated in the same way as in Ex- 
ample 1 . Evaluation results of the shape memory effects 
are also shown in Table 3. For the numbers c-5 — c-10 
in Table 3, since the compositions are outside of the 
scope of the present invention, super elastic perform- 

35 ance is unfavorable and the original shapes are not re- 
covered. On the other hand, for the numbers c-1 ~ c-4 
of the present invention, the shapes are recovered. 
[0061] As mentioned above, the inventors of the 
present invention has achieved the super-elastic per- 

40 formance expressed within an alloy of the present in- 
vention which is a titanium-based alloy with Mo and fur- 
ther Ga, Al or Ge added thereto. In addition, since an 
alloy of the present invention is a nickel-free alloy, the 
alloy is usable in medical applications without causing 

45 allergic problems. In other words, a nickel-free alloy of 
the present invention having super-elastic performance 
is also suitable for use as materials of medical applianc- 
es. 

50 

Claims 

1. Super-elastic titanium alloy for medical use com- 
prising: 

55 

molybdenum (Mo) as a p stabilizer element of 
titanium (Ti) 

:from2to12at%; 



6 



11 
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an a stabilizer element c the titanium (71) 
: from 0.1 to 14ar .; and 

the balance being tita .ium (Ti) and inevitable 
impurities. 

2. Super-elastic titanium alloy as claimed in claim 1 , 
wherein said a stabilizer e -ement is at least one el- 
ement selected from the nroup consisting of alumi- 
num (Al), gallium (Ga) and germanium (Ge). 

3. Super-elastic titanium a: oy as claimed in claim 2, 
wherein said a stabilize element is from 0.1 to 14 
at% gallium (Ga). 

4. Super-elastic titanium Jloy as claimed in claim 2, 
wherein said a stabilize; ■ element is from 3 to 1 4 at% 
aluminum (Al). 

5. Super-elastic titaniur alloy as claimed in claim 2, 
wherein said a stab zer element is from 0.1 to 8 
at% germanium (Ge ; 

6. Super-elastic titanium alloy as claimed in claim 2, 
wherein said a stab* zer element is from 3 to 9 at% 
aluminum (Al) and content of said molybdenum 
(Mo) is from 4 to 7 .-;%. 

7. Super-elastic titan L n alloy as claimed in claim 2, 
wherein said a stat. Uzer element is from 1 to 4 at% 
gallium (Ga) and : content of said molybdenum 
(Mo) is from 4 to 7 it%. 

8. Super-elastic titar:um alloy as claimed in claim 2, 
wherein said a stauilizer element is from 1 to 4 at% 
germanium (Ge) end a content of said molybdenum 
(Mo) is from 4 to : at%. 

9. Super-elastic tita •' mm alloy as claimed in any one 
of claims 1 to 8, v. herein said super-elastic titanium 
alloy is a p solid solution titanium alloy having an 
orthorhombic crystalline structure. 

10. Method for making a super-elastic titanium alloy for 
medical use comprising the steps of: 

preparing a titanium alloy ingot which compris- 
es: 



the balance being titanium (Ti) and inev- 
itable impurities, 

subjecting the ingot to a homogenized heat 
treatment in a vacuum environment or an inert 

5 gas environment at a temperature ranging from 

1 ,000 degree to 1 ,200 degree, and cooling the 
ingot quickly to a room temperature; 
after cooling the ingot to the room temperature, 
cold working the ingot to prepare a sheet; and 

10 subjecting the sheet to a solution heat treat- 

ment in the vacuum environment or the inert 
gas environment at a temperature ranging from 
600 degree to 1,100 degree. 

is 11. Method as claimed in claim 10, wherein the a sta- 
bilizer element of the titanium alloy ingot is from 0.1 
to 14 at% gallium (Ga). 

12. Method as claimed in claim 10, wherein the a sta- 
20 bilizer element of the titanium alloy ingot is from 3 

to 14 at% aluminum (Al). 

13. Method as claimed in claim 10, wherein the a sta- 
bilizer element of the titanium alloy ingot is from 0.1 

25 to 8 at% germanium (Ge). 

14. Method as claimed in claim 10, wherein a content 
of the molybdenum (Mo) is from 4 to 7 at% and the 
a stabilizer element of the titanium alloy ingot is from 

30 3 to 9 at% aluminum (Al). 

15. Method as claimed in claim 10, wherein a content 
of the molybdenum (Mo) is from 4 to 7 at% and the 
a stabilizer element of the titanium alloy ingot is from 

35 1 to 4 at% gallium (Ga). 

16. Method as claimed in claim 10, wherein a content 
of the molybdenum (Mo) is from 4 to 7 at% and the 
a stabilizer element of the titanium alloy ingot is from 

40 1 to 4 at% germanium (Ge). 

17. Method as claimed in any one of claims 10 to 16, 
wherein a time of the homogenized heat treatment 
ranges from 10 to 48 hours. 

45 

18. Method as claimed in any one of claims 10 to 17, 
wherein a time of the solution heat treatment ranges 
from 1 minute to 1 0 hours. 



molybdenum (Mo) as a p stabilizer element 50 
of titanium (Ti) 

: rom 2 to 12at%; 
as an .* stabilizer element of the titanium 
(71), at least one element selected from the 
group consisting of aluminum (Al), gallium 55 
(Ga) and germanium (Ge) : 

from 0.1 to 14at%; and 
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FIG. 2 <TABLE 1> 



No. 


Composition (at%) 


Shape Memory 

r~ rr . 

fcttects 


Remarks 


Ti 


Mo 


Ga 


B-1 


balance 


5 


2 


o 


Examples of Present 

Invention 


a-2 


balance 


5 


8 


o 


a-3 


balance 


5 


12 


o 


a*~4 


balance 


10 


2 


r\ 
\J 


a-5 


balance 


10 


8 


o 


a-6 


balance 


10 


12 


o 


a-7 


balance 


0 


4 


X 


Comparative Examples 


a-8 


balance 


0 


12 


X 


a-9 


balance 


5 


16 


X 


a-10 


balance 


10 


18 


X 


a-11 


balance 


15 


4 


X 


a-12 


balance 


15 


12 


X 



FIG. 3 <TABLE 2> 



No. 


Composition (at%) 


Shape Memory 
Effects 


Remarks 


Ti 


Mo 


Al 


b-1 


balance 


5 


4 


O 


Examples of Present 
Invention 


b-2 


balance 


5 


8 


O 


b-3 


balance 


5 


12 


o 


b-4 


balance 


10 


4 


o 


b-5 


bolanoc 


10 


8 


o 


b-6 


balance 


10 


12 


o 


b-7 


balance 


0 


4 


X 


Comparative Examples 


b-8 


balance 


0 


12 


X 


b-9 


balance 


5 


2 


X 


b-10 


balance 


5 


16 


X 


b-11 


balance 


10 


2 


X 


b-1 2 


balance 


10 


18 


X 


b-1 3 


balance 


15 


4 


X 


b-1 4 


balance 


15 


12 


X 
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FIG. 4 



<TABLE 3> 



No. 


Composition (at%) 


Shape Memory 
Effects 


Remarks 


Ti 


Mo 


Ge 


c-1 


balance 




2 


O 


Examples of Present 
Invention 


c-2 


balance 


5 


6 


O 


c-3 


balance 


10 


2 


O 


c-4 


balance 


10 


6 


O 


c-5 


balances 


0 


2 


X 


Comparative Examples 


c-6 


balance 


0 


6 


X 


c-7 


balance 


5 


10 


X 


c-8 


balance 


10 


10 


X 


c-9 


balance 


15 


2 


X 


c-10 


balance 


15 


6 


X 
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